This paper compares the impacts of SARS and human deaths arising from Avian Flu on international tourist arrivals to Asia. The effects of SARS and human deaths from Avian Flu are compared directly according to the number of human deaths. The nature of the short run and long run relationship is examined empirically by estimating a static line fixed effect model and a difference transformation dynamic model, respectively. Empirical results from the static fixed effect and difference transformation dynamic models are consistent, and indicate that both the short run and long run SARS effect have a more significant impact on international tourist arrivals than does Avian Flu. In addition, the effects of deaths arising from both SARS and Avian Flu suggest that SARS is more important to international tourist arrivals than is Avian Flu. Thus, while Avian Flu is here to stay, its effect is currently not as significant as that of SARS.
Introduction
Two diseases with their genesis in Asia, namely the Severe Acute Respiratory Syndrome (hereafter SARS) epidemic, which received worldwide attention in 2003, and the H5N1 Avian Influenza (hereafter Avian Flu) epidemic (see, for example, http://www.uninfluenza.org/node/79), which has received worldwide attention since 2004, have significantly damaged the image of international tourism to Asia as a safe tourist destination. According to the World Travel and Tourism Council (2003a,b,c,d) , the outbreak of the SARS disease led to the collapse of the tourism industry in the most severely affected Asian countries, namely China, Hong Kong, Singapore and Vietnam. SARS is estimated to have cost these four countries over US $20 billion in lost GDP, and a reduction of more than 70% across the rest of Asia, even in countries that were totally disease free (Mckercher and Chon, 2004) . Table 1 presents the number of SARS infections, deaths and the death to infection ratio worldwide in 2003. As shown in Table 1 , 8096 people worldwide were infected by the potentially fatal SARS disease, while 774 deaths were caused by SARS. Of the 8096 infections, 7783 (or 96%) have occurred in Asia and only 313 (or 4%) in the rest of the world. Moreover, 729 (or 94%) human deaths have been caused by SARS in Asia, while only 45 (or 6%) human deaths have arisen in the rest of the world. China has accounted for the greatest number of SARS infections and deaths arising from SARS, followed by Hong Kong. However, Malaysia has the highest death ratio at 40%, while Thailand, Hong Kong, Taiwan, Singapore and the Philippines have a death ratio in excess of 10%. Table 2 presents the Avian Flu spread and infections worldwide from December 2003 to July 2007. As shown in Table 2 , Avian Flu epidemics were initially detected in East and South-East Asia, and were subsequently spread worldwide. For Avian Flu confirmed in humans, Vietnam was the first country to report data in both human infections and human deaths to the World Health Organization (WHO). The cumulative number of infections of Avian Flu worldwide was 319, with 192 human deaths from Avian Flu. Of the 319 human infections, 279 cases (or 87.46%) have occurred in Asia, while 40 infections (or 12%) occurred in Africa. This is similar to the number of deaths in humans, with 176 deaths (or 92%) in Asia, and only 16 deaths (or 8%) in Africa.
In Asia, Cambodia and Laos had the highest death rate, while Thailand and Indonesia had death rates in excess of 70%. Nevertheless, the death rates in China, Iraq and Azerbaijan exceeded 60%, while Vietnam and Turkey had death rates of 44% and 33%, respectively. Overall, Asia is the most seriously affected region by Avian Flu, both in humans and poultry. Furthermore, the mortality rate in Asia is very high at 62.72%, which is higher than the average death rate worldwide at 60.25%.
The transmission routes are different between SARS and Avian Flu. SARS is a respiratory illness with pneumonia-like symptoms, so its transmission route is directly through person-to-person contact, while Avian Flu is consistent with animal-to-human, and possible environment-to-human, but is still limited in unsustained humanto-human transmission (Beigel et al., 2005) .
In spite of Avian Flu, the disease can be transmitted from animals-to-humans, not by close person-to-person contact. However, Avian Flu still presents a very high mortality rate among humans, as shown in Table 2 , which represents a potential risk arising from the Avian Flu epidemic. Moreover, Page et al. (2006) indicate that Avian Flu at this stage is not transmitted among humans. The critical link between Avian Flu and the tourism industry has a potential global reach in that Avian Flu can be spread through international travel. The concern among health professionals is that Avian Flu may create a new flu virus from animal reservoirs, which will then infect humans who will not have antibodies to resist infection.
Considering these factors, econometric analysis should seek to identify the impact of international tourist arrivals on two recent significant crises in Asia, namely SARS and Avian Flu. Moreover, the effects of SARS and human deaths arising from Avian Flu are directly comparable because both refer to human deaths, although this does not seem to have been examined rigorously from the perspective of international tourism demand.
There has been little attention paid in the economic literature to the effect on international tourist arrivals of the SARS crisis. Much of the literature has relied on a description of the severe impact of SARS on international tourist arrivals (see, for example, Chien and Law (2003) , Mckercher and Chon (2004), and Wilder-Smith (2006) ), and few papers have focused on a particular Asian country, such as Hong Kong or Taiwan (see, for example, Min (2005) and Chen et al. (2007) ). Although these studies have all reported a negative effect of SARS on tourism, they have not been based on a clear econometric methodology.
Compared with SARS, much recent discussion has concentrated on the damage caused by Avian Flu, whereby infected countries have suffered significant reductions in international tourist arrivals and in tourism competitiveness. As suggested by Brahmbhatt (2005) , the immediate economic impacts of a pandemic disease might arise, not from actual sickness or death, but from the efforts of the public and private sectors to avoid becoming infected rapidly. Consequently, this might lead to a severe demand shock for service sectors, such as tourism, mass transportation, hotels, restaurants and retail sales (see also Page et al., 2006) . Avian Flu might also damage destination marketing, as emphasized by Buhalis (2000) and Mohsin (2005) . International tourism could be seriously affected, or possibly even restricted, to prevent the spread of Avian Flu and pandemic influenza. Page et al. (2006) observed that Avian Flu could have significant shocks on tourism. For instance, Brahmbhatt (2005) estimated that the 2004 Avian Flu outbreak in Vietnam led to a 1.8% decline in GDP, while a 5% decline in international tourist arrivals could lead to a 0.4% decline in GDP. Furthermore, the World Bank estimated that the global economic influence of an outbreak of Avian Flu could be US $800 billion, or 2% of world economic output (Brahmbhatt, 2005) .
Avian Flu could also lead to a high mortality rate among humans while the disease is transmitted from animals-to-humans, Kou et al. (2008) investigated four SARS-infected Asian countries and two Avian Flu-infected countries, to compare the effects of both SARS and Avian Flu. Their results suggested that the numbers of infected cases have a significant impact on SARS-affected countries, but not on Avian Flu-affected countries. However, they used univariate time series models rather than efficient panel data methods, as used in this paper, their sample used only four countries for SARS and two Avian Flu-infected countries, whereas our data set is considerably more expansive in terms of the number of infected countries and human deaths.
With a view to improving the present knowledge of Avian Flu, one of the primary purposes of this paper is to extend the country sample in the empirical analysis and to estimate the impact of human deaths arising from SARS and Avian Flu infections on international tourist arrivals. Such an empirical analysis should provide important insights into how such epidemics can affect international tourism, and to determine how it might be modelled, anticipated and managed.
The remainder of the paper is organized as follows. Section 2 describes the data set and selection of country sample. Section 3 is concerned with econometric modelling. The empirical results are presented in Section 4, and some concluding remarks are given in Section 5.
Data
As discussed above, the duration of SARS was only for 2003, while Avian flu has had a much longer duration. Fig. 1a , b shows the accumulated number of infections and deaths of SARS and Avian Flu. As shown in the figures, the SARS event has been controlled since the mid-2003, as SARS cases and deaths were observed only in the first four months or so in 2003, while Avian flu was still being reported until mid-2007. Meanwhile, comparing the numbers of SARS infections and deaths with those arising from Avian Flu, the figures show the accumulated total infections and deaths from SARS is much greater than from Avian Flu.
For purposes of the empirical analysis, we use two different monthly panel data sets to investigate the effects of SARS and Avian Flu on international tourist arrivals. The first data set is related to SARS infections and deaths, so we have selected 9 Asian countries with at least one case of SARS infection, namely China, Hong Kong, Indonesia, Korea, Malaysia, Singapore, Taiwan, Thailand, Vietnam, Indonesia and Korea. As SARS was discovered in 2003, the sample for estimating the SARS effect is only for 2003. The second data set is related to Avian Flu deaths and infections, so we have used 6 Asian countries with either human infections or human deaths, for the period January 2004-July 2007, namely China, Cambodia, Indonesia, Thailand, Turkey and Vietnam. Table 3 gives a breakdown of the data by country. As shown in the column for SARS, Indonesia and Korea have not had any human deaths. Moreover, as shown in the last four rows at the bottom of Table 3 , the 9 countries in our sample had a total of 7748 (727) infections (deaths), which accounts for 99.55% (93.92%) of the infections (deaths) in Asia and 95.70% (94.18%) of the infections (deaths) worldwide. Similarly, the samples include 262 Avian Flu infections in humans, which accounts for 94% (83%) of the infections in Asia (worldwide).
In the empirical section, we use the number of international tourist arrivals as a proxy to estimate the impacts of SARS and Avian Flu on international tourism demand. This proxy has also been suggested by, for example, Garín-Muñ oz and Pé rez-Amaral (2000), Garín-Muñ oz (2004) and Garín-Muñ oz and Montero-Martín (2007) . Although other proxies have been suggested in the literature, such as the number of foreign visitors, volume of earnings generated by foreign visitors, and the number of nights spent by visitors from abroad, in this paper the monthly panel data for Finally, time series observed at monthly frequencies often exhibit seasonality. Lim and McAleer (2001) highlighted seasonality as common in tourism time series data. In order to extract the underlying trend component of the time series, the multiplicative moving average method technique was used (see, for example, Lim and McAleer (2001) ) to remove seasonal movements in the international tourist arrivals data.
Model specifications

Linear static fixed effect model
To estimate the impact of having infections and/or deaths from SARS (Avian Flu) on international tourist arrivals, we will use two empirical panel data models: (i) a linear static model; and (ii) a linear dynamic model. We start with the fixed effects, which are given in equations (1) and (2):
We can rewrite equation (1) in the usual regression framework by including a dummy variable for each infected country, i, as follows:
where d ij ¼ 1 if i ¼ j and 0 elsewhere. Tourist it refers to tourism demand, i refers to SARS-infected countries, and t ¼ 1,.,T represents the time period. The parameter b 1 represents the impact of the SARS infection on international tourist arrivals, while SARSI it refers to the number of SARS infections in country i; a i captures unobserved country (region)-specific time-invariant heterogeneity; 3 it is the disturbance term, which is assumed to be independent and identically distributed over individuals and time, with mean zero and variance s 2 3 . We treat a i as N fixed unknown parameters. The model in equations (1) and (2) is referred to as the standard fixed effects models. A negative sign is expected for b 1 . The fixed effects approach is conditional on the values for a i .
However, the degrees of freedom correction involves N additional unknown parameters corresponding to the individual intercept terms. Thus, the model is estimated by OLS, with N individual dummy variables.
In this paper, we also examine the impact of deaths from SARS and the ratio of SARS deaths to infections. We replace SARSI it by SARSD it , where SARSD it refers to the number of SARS deaths in country i in equation (1), and replace SARSI it by SARSR it , which refers to the death ratio in country i in equation (1).
In order to capture the effects of Avian Flu on international tourist arrivals, we rewrite equation (1) for each human infection of Avian Flu in country i as:
As in the SARS model described above, we also examine the impact of the number of human deaths from Avian Flu and the death ratio of Avian Flu. Again, we replace AFI it by AFD it in equation (3), which refers to country i for human deaths from Avian Flu, and replace AFI it by AFR it in equation (3) for the ratio of deaths to infections arising from Avian Flu.
Linear dynamic model
We also estimate a dynamic panel data model, specifically a linear dynamic model with exogenous variables and a lagged dependent variable, namely
where Tourist it refers to international tourism demand, i refers to SARS-infected countries, and t ¼ 1,.,T represents the time period. As described in the static fixed effect model, a i captures unobserved country (region)-specific time-invariant heterogeneity, and e it is the disturbance term which is assumed to be independently and identically distributed over individuals and time, with mean zero and variance s 2 3 . In a dynamic model, a lagged dependent variable, Tourist itÀ1 , is included as regressors, but the fixed effect estimator for g is biased and inconsistent for N / N and fixed T (Verbeek, 2008) . Moreover, heterogeneity among individuals can also increase the problem of efficiency in estimation (Baltagi, 2001 ). Garín-Muñ oz (2006) noted that, when lagged dependent variables are included as regressors, not only is the OLS estimator biased and inconsistent, but the within groups (WG) and random effects estimators are also biased and inconsistent.
In order to solve the inconsistency problem, we use the first difference transformation to eliminate the individual effect, a i :
where DTourist it ¼ Tourist it ÀTourist itÀ1 , an analogous transformation holds for the remaining exogenous variables, and t ¼ 2,.,T. Estimating equation (5) by OLS does not lead to a consistent estimator for g because Tourist itÀ1 and 3 itÀ1 are correlated, even as T / N. However, an instrumental variable approach, whereby Tourist i,tÀ2 or Toursit i,tÀ2 ÀTourist i,tÀ3 can be used as instruments, leads to consistency as 3 it is not autocorrelated (Anderson and Hsiao, 1981) . However, a second instrumental variables estimator requires an additional lag to construct the instrument, such that the effective number of observations used in estimation is reduced. A generalized method of moments (GMM) approach can be used to unify the estimator and eliminate the disadvantages of reduced sample sizes. As suggested by Arellano and Bond (1991) , the list of instruments can be exploited by additional moment conditions and allowing the number to vary with t, so that all moment conditions can be estimated by GMM. However, the GMM estimator for g is asymptotically normal, based on the assumptions of homoskedastic and uncorrelated errors term 3 it , namely E[D3 it D3 itÀ2 ] ¼ 0.
In this paper, the GMM approach is used to compute the GMM-DIFF estimator, where four lags are used as instrumental variables.
In addition to using SARS infections as the exogenous variable, we also examine the impact of deaths from SARS and the ratio of SARS deaths to SARS infections, by replacing SARSI it by SARSD it in equation (5), and i refers to countries which have reported any deaths to the WHO, and by replacing SARSI it by SARSR it in equation (1) for the ratio of SARS deaths to SARS infections.
Similarly, in order to represent the effect of Avian Flu on international tourist arrivals, we rewrite equation (5) for Avian Flu human infections in country i:
Again, we replace AFI it by AFD it in equation (6), and replace AFI it by AFR it in equation (6) for estimating the impact of human deaths from Avian Flu and the ratio of Avian Flu deaths to infections, respectively.
It is worth mentioning that using a dynamic panel model will generate more precise estimates by differencing the data and by removing the problem of non-stationarity (see, for example, Garín-Muñ oz, 2006). On the other hand, Song and Witt (2000) noted that the fixed effects model includes dummy variables for purposes of OLS estimation to capture the differences between countries.
In order to support the use of the difference transformation in the dynamic model (equations (5) and (6)), we implement panel unit root tests using the (Levin et al., 2002 ) (LLC) test and the (Im et al., 2003) (IPS) test. The former test assumes a common unit root process, while the latter test assumes separate unit root processes.
The LLC test assumes that each individual unit in the panel shares the same AR(1) coefficient, but allows for individual effects, time effects and possibly a time trend. It may be viewed as a pooled Dickey-Fuller or an Augmented Dickey-Fuller (ADF) test, with the null hypothesis that of non-stationarity, or I (1). After transformation, the t-star test statistic is asymptotically distributed as a standard normal under the null hypothesis of non-stationarity.
The IPS test assumes that all series are non-stationary under the null hypothesis and allows for individual effects, time trends, and common time effects. As for the LLC test, the IPS test is based on the mean of the individual Dickey-Fuller t-statistics of each unit in the panel, and lagged dependent variables may be used to accommodate serial correlation in the errors. After transformation, the Psi[tbar] statistic is asymptotically distributed as standard normal under the null hypothesis of non-stationarity.
In this paper, these tests use the modified Akaike Information Criterion (MAIC) to select the lag length, and the probabilities for the Fisher tests are computed using an asymptotic chi-square distribution.
The results of the panel unit root tests are obtained using the econometric software package EViews 5.0, and are reported in Table 4 . The table shows the results of the LLC and IPS panel unit root tests. The null hypothesis of a unit root is not rejected for the levels of monthly international tourist arrivals in the models with a constant and with a constant and trend (except for the IPS test with a constant and trend). However, for the series in first differences, the null hypothesis of a unit root is rejected for both specifications using the LLC and IPS tests.
Overall, the null hypothesis of a unit root is not rejected for the levels of monthly international tourist arrivals, but is rejected for the first difference in monthly international tourist arrivals.
As shown in the panel unit root tests, the empirical results strongly support the first difference transformation for investigating the impact of Avian Flu infections, deaths and the death ratio on international tourist arrivals. However, as the sample period is relatively short at only 12 months, we do not implement the panel unit root test for the SARS sample. Table 5 gives the summary statistics for the explanatory variables.
Empirical results
As described in Section 2, SARS and Avian Flu are independent events as the effects of the former had actually ended before the latter had even started. In order to reflect this fact appropriately, we will estimate the SARS model for the period January The static linear fixed effects model and difference transformation dynamic model described in Section 3 were estimated for SARS infections, SARS deaths and the death ratio for SARS, as well as for human infections, human deaths and the death ratio of Avian Flu.
We first present the estimates of the static linear fixed effects model discussed in sub-section 3.1, and then present the estimates of the difference transformation dynamic model discussed in subsection 3.2. The results of the static fixed effect model are presented in Table 6a -c. Table 6a gives the results of SARS and Avian Flu for human infections, Table 6b gives the results for human deaths, and Table 6c gives the results of the death ratio. The results of the dynamic difference model are presented in Tables 7a-c. As for the  static model, Tables 7a-c give the results of SARS and Avian Flu for infections, human deaths and the death ratio, respectively. Note: For the sample period and number of countries in the sample, see Table 3 above. Standard errors are in parentheses; * and *** denote significance at the 10% and 1% levels, respectively, All models include a set of country fixed effects, The sample period for SARS is Jan. Note: ** and *** denote significance at the 5% and 1 % levels, respectively.
Static linear fixed effect model
As explained in Section 3, we report the estimates of the static linear fixed effects model. Table 6a shows the results of a static (long run) impact of SARS and Avian Flu on international tourist arrivals. All the static models include a set of country dummy variables, which are not reported in the tables for reasons of space (the detailed results are available from the authors on request).
Overall, the estimates show that international tourist arrivals are negatively affected by SARS and Avian Flu. Table 6a shows that, for infections, international tourist arrivals are significantly reduced by about 723 arrivals for an outbreak of SARS, while international tourist arrivals are reduced by about 295 arrivals (although not significantly so) for an outbreak in humans of Avian Flu. Table 6b gives the results for the number of deaths. Table 6b shows that international tourist arrivals are significantly reduced by about 9382 arrivals for each death caused by SARS, while international tourist arrivals are significantly reduced by about 1530 arrivals for each human death from Avian Flu. It is revealing that SARS infections or deaths have a far greater effect on international tourism than do infections or human deaths from Avian Flu. Table 6c presents the results of the deaths to infections ratio model. The empirical results suggest that international tourist arrivals are significantly reduced by about 107,682 arrivals for each 1% increase in the ratio for SARS, while international tourist arrivals are not significantly reduced by increasing the human deaths to infection ratio for Avian Flu.
In comparing the estimates for SARS and Avian Flu, it may be concluded that SARS has a greater impact on international tourist arrivals than does Avian Flu. In addition, deaths arising from both SARS and Avian Flu suggest a much stronger impact on international tourist arrivals as compared with infections.
Difference transformation dynamic model
As described in Section 3, the consistency of the GMM estimator hinges heavily upon the assumption E[D3D3 itÀ2 ] ¼ 0. In order to guarantee an estimator to be consistent, Arellano and Bond (1991) propose the ''m 2 '' test statistic under the null hypothesis that there is no second-order serial correlation, or follows a random walk for the disturbances of the first difference equation (see Arellano and Bond, 1991, p. 282) . However, as the ''m 2 '' statistic tests for a lack of second-order serial correlation in the first difference residuals, the test will not reject the null hypothesis if the errors in the levels version of the model are not serially correlated, or if the errors in levels follow a random walk process.
Additionally, Arellano and Bond (1991) also suggest Sargan's (1958) test of the validity of instrumental variables, which is a test of overidentifying restrictions. The underling null hypothesis of the Sargan test is that the instrumental variables are uncorrelated with a set of residuals, and hence are acceptable instruments. In other words, if the null hypothesis is not rejected, the instruments are valid. Sargan's test of overidentifying restrictions is described in detail in Arellano and Bond (1991, p. 283) .
The m2 test statistics generally do not reject the null hypothesis in most cases, which indicates consistent GMM estimators are obtained (in only one case does m2 reject the null). Sargan's test overall does not reject the null hypothesis for SARS and Avian Flu. These results suggest that the instrumental variables are uncorrelated with the residuals, so that the instrumental variables are valid. Table 7a -c gives the estimates for the dynamic (short run) impacts of SARS and Avian Flu on international tourist arrivals for infections, human deaths and death ratios, respectively. The estimates show a negative effect of SARS and Avian Flu on international tourist arrivals. Table 7a indicates that international tourist arrivals are significantly reduced by about 580 arrivals for an additional outbreak of SARS infection, while Table 7b shows that international tourist arrivals are significantly reduced by about 8942 arrivals for an additional case of a death from SARS. Table 7c shows that international tourist arrivals are significantly reduced by about 106 arrivals for an increase in the ratio of deaths to infections for SARS.
However, the estimates of Avian Flu overall are insignificant in the dynamic (short run) model on international tourist arrivals for each of infections, deaths and the death ratios.
In comparison with the static (long run) fixed effects model, the results suggest that SARS has a significant negative impact on short run international tourist arrivals. Overall, the empirical estimates suggest that human deaths arising from SARS greatly reduce international tourist arrivals, and the impact is much more serious than for Avian Flu. Standard errors are in parentheses; ** and *** denote significance respectively, All models include a set of country fixed effects, The sample period for SARS is Jan. 2003 -Dec. 2003 , and for Avian Flu it is Jan. 2004-July 2007.
Conclusion
The primary purpose of the paper was to compare the effects of SARS and human deaths arising from Avian Flu on international tourist arrivals in Asia. The effects of SARS and human deaths from Avian Flu are directly comparable because both refer to human deaths. In order to reflect appropriately the impacts of the two independent events, we estimated the SARS model for the period The nature of the short run and long run relationships was examined empirically by estimating a static linear fixed effect model and difference transformation dynamic model, respectively. The data set for SARS was a significant expansion of that used in Kou et al. (2008) A very important finding was that, in both the short run and long run, SARS had a more significant impact on international tourist arrivals than Avian Flu. In addition, the cases of deaths for both SARS and Avian Flu suggested that SARS is more important to international tourist arrivals than is Avian Flu. Thus, while SARS seems to have been eradicated whereas Avian Flu is almost certainly permanent, the effect of Avian Flu is not as significant empirically as that of SARS.
It is worth noting that a biased estimate of Avian Flu could possibly arise from mismeasured data (or errors in measurement), and hence lead to biased inferences. However, some infected countries may not report truthfully the precise number of outbreaks of Avian Flu in humans to the WHO (either through delays in reporting, or simply with holding the correct figures) because of the likely adverse effects of such reporting on the image of a safe tourist destination. On the other hand, most SARS-infected countries should be monitored more carefully by the WHO, as the transmission routes through direct person-to-person contact is of serious concern.
Based on the empirical results presented in the paper, the destructive effects of SARS and Avian Flu on international tourist arrivals are absolutely clear. In short, SARS had a significant negative effect, so it had to be controlled immediately. However, as the potential risks and damage arising from Avian Flu, and the subsequent pandemic influenza, is possibly much greater than for any previous diseases, the need for precautions in the event of an outbreak of Avian Flu and pandemic influenza warrants further attention and action.
